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Summary A 68-year-old woman was admitted with dyspnea. The patient had been treated
with hemodialysis for renal failure for 11 years. On admission, chest X-ray showed pulmonary
edema. Right-heart catheterization revealed high cardiac output (11.8 l/min) and elevated
pulmonary capillary wedge pressure (PCWP). Doppler ultrasonography showed high-ﬂow of an
arteriovenous ﬁstula (AVF) for hemodialysis. The patient was diagnosed as having high-output
heart failure due to a high-ﬂow AVF. Inﬂow reduction of the AVF was performed by proximal
radial artery ligation. Right-heart catheterization performed 2 weeks after the operation
revealed that cardiac output had decreased from 11.8 to 9.5 l/min and PCWP was also reduced
from 21 to 9mmHg. Furthermore, ﬂow of the AVF measured by Doppler ultrasonography was
also decreased. To our knowledge, this is the ﬁrst report that assessed hemodynamics of
high-output heart failure before and after inﬂow reduction of the AVF by repeated right-heart
catheterization.
© 2009 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights reserved.
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doi:10.1016/j.jccase.2009.09.002ntroductionigh-output heart failure is a rare complication of arteriove-
ous ﬁstulas (AVF) for hemodialysis [1—5]. Although closure
r ﬂow reduction of AVF has been known to improve high-
utput status [1—4], few data exist regarding the impact
f these procedures on systemic hemodynamics. We report
Published by Elsevier Ireland Ltd. All rights reserved.
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charged 3 weeks after the operation without recurrence of
heart failure.
Table 1 Laboratory data on admission.
White blood cell count (mm−3) 6200
Red blood cell count (mm−3) 341× 104
Hemoglobin (g/dl) 11.2
Hematocrit (%) 27.9
Platelet count (mm−3) 22.4× 104Inﬂow reduction of AV ﬁstula in HD patient with HF
here a case of high-output heart failure due to a high-ﬂow
AVF who was successfully treated by the inﬂow reduction
procedure. To our knowledge, this is the ﬁrst report of high-
output heart failure in which hemodynamic changes before
and after inﬂow reduction of the AVF were assessed by
repeated right-heart catheterization.
Case report
A 68-year-old woman was admitted with dyspnea. The
patient had had hypertension for 26 years. The patient
had developed renal failure and had been treated with
hemodialysis using a radial artery-cephalic vein ﬁstula for
11 years. The cardiothoracic ratios on routine chest X-
rays and the plasma levels of antinatriuretic peptide had
been stable. However, the patient had recently presented
with pulmonary edema a few times without body weight
gain. On admission, the patient’s height was 156 cm, body
weight was 46 kg, blood pressure was 215/115mmHg, pulse
rate was 120min−1, and O2 saturation was 84%. Expira-
tory wheeze was audible in the bilateral lung ﬁelds, and
peripheral edema was not observed. The AVF for hemodial-
ysis on the left forearm was markedly dilated (Fig. 1).
Laboratory data indicated azotemia and mild anemia. Thy-
roid function tests indicated that the patient was in a
mild hypothyroid state. The serum thiamine level was nor-
mal. The plasma B-type natriuretic peptide (BNP) level was
elevated (Table 1). Chest X-ray showed cardiomegaly and
pulmonary edema (Fig. 2). Electrocardiogram showed sinus
tachycardia without ST-T abnormalities (Fig. 3). Echocar-
diography showed normal ejection fraction (70%) of the left
ventricle without hypertrophy and dilatation, although the
left atrium was dilated. Transmitral ﬂow showed abnormal
relaxation pattern and the deceleration time was 281ms.
The patient was diagnosed as having heart failure and was
treated with hemodialysis. After remission of heart failure,
cardiac catheterization was performed. Coronary angiogra-
phy revealed no signiﬁcant stenosis of the left and right
coronary arteries. Right-heart catheterization revealed high
cardiac output (CO; 11.8 l/min) and elevated pulmonary
capillary wedge pressure (PCWP; 21mmHg). Calculated sys-
temic vascular resistance (SVR) was decreased (Table 2).
Fistulography showed marked dilatation of the AVF on the
left forearm (Fig. 4). Flow of the AVF (Qa) measured by
Doppler ultrasonography was markedly high (4.1 l/min: nor-
mal range is 0.44—1.8 l/min [6]), and accordingly the Qa/CO
ratio was elevated (34.7%: average value is 22% [7]). On the
basis of these ﬁndings, the patient was ﬁnally diagnosed as
having high-output heart failure due to the high-ﬂow AVF.
The inﬂow reduction procedure was performed by ligation of
Figure 1 The arteriovenous ﬁstula for hemodialysis was
markedly dilated on the left forearm.igure 2 Chest X-ray showed cardiomegaly and pulmonary
dema.
he radial artery at the proximal site of anastomosis (Fig. 4).
fter this procedure, the ﬁstula inﬂow was derived from the
lnar artery through the palmar arterial arch and the dis-
al radial artery. Right-heart catheterization performed 2
eeks after the operation revealed that CO was decreased
rom 11.8 to 9.5 l/min and PCWPwas also reduced from 21 to
mmHg (Table 2). Postoperative Qa and the Qa/CO ratio was
ecreased to 1.9 l/min and 20%, respectively. The plasma
NP level was decreased to 37 pg/ml. The patient was dis-Creatinine (mg/dl) 10.5
Blood urea nitrogen (mg/dl) 46
Sodium (mequiv./l) 139
Potassium (mequiv./l) 3.9
Chloride (mequiv./l) 108
Total protein (g/dl) 6.6
Aspartate aminotransferase (IU/l) 23
Alanine aminotransferase (IU/l) 16
Lactate dehydrogenase (IU/l) 238
Creatine kinase (IU/l) 67
Glucose (mg/dl) 134
Thyroid stimulating hormone (U/ml) 5.03 (0.38—4.31)
Free T4 (ng/dl) 0.84 (0.82—1.63)
Free T3 (pg/ml) 2.04 (2.10—3.80)
Thiamine (ng/ml) 31.2 (21.3—81.9)
B-type natriuretic peptide (pg/ml) 697
e100 K. Oe et al.
F
o
D
D
s
d
h
h
h
[
a
Table 2 Hemodynamic data on right-heart catheterization
before and after inﬂow reduction of arteriovenous ﬁstula.
Before
operation
After
operation
CO (l/min) 11.8 9.5
CI (l/min/m2) 7.52 6.02
SV (ml/beat) 124 114
SI (ml/beat/m2) 79 73
PCWP (mmHg) 21 9
PAP (mmHg) 38/20 30/13
RVP (mmHg) 33/6 31/2
RAP (mmHg) 6 5
SVR (dyne-s-cm−5) 893 1067
Heart rate (beats/min) 95 83
Blood pressure (mmHg) 239/87 229/83
CO, cardiac output; CI, cardiac index; SV, stroke volume; SI,
stroke volume index; PCWP, mean pulmonary capillary wedge
pressure; PAP, pulmonary arterial pressure; RVP, right ventricular
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digure 3 Electrocardiogram showed sinus tachycardia with-
ut ST-T abnormalities.
iscussion
uring hemodialysis, there are many causes of heart failure,
uch as anemia, uncontrolled hypertension, intrinsic cardiac
isease, or volume overload [1]. Although previous reports
ave demonstrated that high ﬁstula ﬂow is correlated with
igh cardiac output [3,5], AVFs are rarely complicated with
igh-output heart failure in patients under hemodialysis
1—5]. Closure or ﬂow reduction of AVF can improve AVF-
ssociated high-output heart failure [1—4], however, the
r
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Figure 4 Fistulography before (left) and aftepressure; RAP, mean right atrial pressure; SVR, systemic vascular
resistance.
ffect of these procedures on hemodynamics has not been
recisely assessed by right-heart catheterization in previous
eports.
High-output heart failure is deﬁned as symptoms of
eart failure in the presence of an above-normal cardiac
ndex (≥3.0 l/min/m2) [2]. In our patient, both the cardiac
ndex and Qa were remarkably increased (7.5 l/min/m2 and
.1 l/min, respectively). On the basis of these ﬁndings, we
iagnosed the patient with high-output heart failure due
o the high-ﬂow AVF, and the inﬂow reduction procedure
as performed. After the procedure, both CO and Qa were
ecreased from 11.8 to 9.5 l/min and from 4.1 to 1.9 l/min,
espectively. PCWP was also decreased from 21 to 9mmHg,
nd the patient has not suffered from recurrent heart fail-
re after the operation. Thus, inﬂow reduction of the AVF
as an effective treatment for high-output heart failure in
his patient.
r (right) the inﬂow reduction procedure.
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[Inﬂow reduction of AV ﬁstula in HD patient with HF
Currently there are no guidelines for management of
high-ﬂow AVF [2,3,5]. Basile et al. reported that cut-off val-
ues of Qa and the Qa/CO ratio for predicting high-output
heart failure are ≥2.0 l/min and ≥20%, respectively [5].
MacRae et al. reported that published case reports of high-
output heart failure all consistently show the Qa/CO ratio
greater than 30—35%. They suggested that patients with the
Qa/CO ratio ≥30% should undergo echocardiographic assess-
ments and should be considered for the ﬁstula ﬂow reduction
procedure [2]. This procedure may be preferable to ﬁstula
closure, because closure will lead to loss of a potential vas-
cular access site [2].
In this patient, right-heart catheterization and Doppler
ultrasonography of the AVF were useful to make a diagno-
sis of high-output heart failure due to the high-ﬂow AVF. We
propose that these methods are useful for differential diag-
nosis for heart failure of unknown causes in hemodialysis
patients.
ConclusionWe report a case of high-output heart failure due to a
high-ﬂow AVF who was successfully treated by the inﬂow
reduction procedure. The effect of inﬂow reduction of the
AVF on hemodynamics was demonstrated by repeated right-
heart catheterization before and after the procedure.
[e101
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